Addition of Tween 80 to biotin assay medium containing acid-hydrolyzed casein as the amino acid source caused marked growth of Lactobacillus plantarum ATCC 8014 in the absence of added biotin. This growth-promoting activity could be eliminated by treating the "vitamin-free" Casamino Acids (Difco) with activated charcoal (Darco G-60) at pH 3.5 for 30 to 60 min. Incorporation of Tween 80 and charcoal-purified Casamino Acids (PCA) into the assay medium (0.8 g and 27 g, respectively, per liter of singl? strength medium) in place of unpurified Casamino Acids resulted in a medium in which L. plantarwn responded to 30 to 50 times less biotin over an extended linear response range (1.3 logs versus 1.0 log) than was required for similar growth in the standard medium. Endogenous growth in the modified medium was absent if the inoculum used was of low density, if it was prepared from biotin-deficient cells, and if the reagents used were free from contaminating traces of biotin. Assays of biological materials for biotin content using the standard medium and the Tween 80-PCA-modified medium resulted in nearly identical values for all samples tested.
The linear growth response of Lactobacillus plantarum ATCC 8014 to biotin in a modified Wright-Skeggs medium (7, 12, 15) extends from about 0.03 to 0.3 ng of the vitamin per ml of assay medium. Currently, the sensitivity of the system is increased by reducing the assay volume from milliliter to microliter (7) or submicroliter (6) quantities. These methods require specialized equipment and time-consuming techniques. The method reported here achieves marked increases in sensitivity and range of linear response without resorting to complicated techniques or equipment.
MATERIALS AND METHODS Organism. Lactobacillus plantarum ATCC 8014
was maintained as stabs in APT agar (Difco) and transferred into fresh medium every 10 to 14 days.
Preparation of inoculum. The single-strength, basic assay medium (5 to 10 ml amounts) described below supplemented with 0.01 to 0.02 ng of biotin per 10 ml was inoculated directly from the APT stock culture, incubated overnight at 32 C, washed three times with 5 ml of sterile distilled water, and resuspended in sterile distilled water to the desired turbidity. The turbidity of the suspension (in 16 mm Pyrex tubes) was read in a Spectronic-20 at 660 nm and adjusted to 60% i 2% unless otherwise stated. One drop of this suspension (ca. 0.06 ml) was added to each assay tube from a sterile, plugged 5.0-ml pipette. The same pipette was used to inoculate all tubes.
Assay medium. The basic assay medium was that of Wright and Skeggs (15) modified (7, 12) Purification of Casamino Acids with activated charcoal. Since Tween 80 seemed to stimulate growth in the presence of small amounts of biotin rather than replace the biotin requirement as has been suggested by others (3, 13, 14) , it seemed logical that the increased endogenous growth in the presence of Tween 80 might be due to small amounts of biotin present in the amino acid preparation. Treatment of Casamino Acids (vitamin free) with activated charcoal significantly reduced the endogenous growth in the presence of Tween 80 (Table 2 ). These data also show that purification was complete in 30 min and that 1 g of activated charcoal (Darco G-60) per 10 g of Casamino Acids effected maximum (Table 2) will be discussed later.
Titration of purified Casamino Acids (PCA) for growth. Since activated charcoal is a nonselective adsorbant, the possibility existed that substances other than biotin were being removed from the amino acid preparation and that this removal might necessitate addition of more purified Casamino Acids (PCA) to the growth medium than was necessary with the unpurified material. Table 3 shows the results of increasing PCA concentrations on the response of L. plantarum in Tween 80-containing basic assay medium from which Casamino Acids had been omitted.
The endogenous response did not increase beyond 0.018 g of PCA per ml of medium; however, in the presence of added biotin, growth increased until the medium contained 0.027 g of PCA per ml. This corresponds to 27 g of PCA per liter of single strength assay medium, a 3.6-fold increase over the amount of unpurified Casamino Acids required in the basic assay medium. Subsequently, the modified basic assay medium contained 27 g of PCA per liter of single strength medium.
Effects of various Tweens and oleic acid on the growth response of L. plantarum to biotin. Tweens 20, 40, and 80 were tested for growth-stimulating activity in basic assay medium containing 27 g of PCA in place of untreated Casamino Acids ( Since oleic acid is known to stimulate the biotin response of lactic acid bacteria (3, 13, 14) , the effects of oleic acid alone and in combination with Tween 40 as a detoxifying agent with and without Tween 80 in the modified basic assay medium were studied (Table 5) . Maximum response of L. plantarum to added biotin was induced by 200 to 260 ,tg of oleic acid per tube (10 ml). Also, Tween 40 in combination with oleic acid effected an additional growth-stimulating effect, probably through detoxification of the fatty acid (14) . The known toxicity of oleic acid was evident at the higher levels, both in the presence and absence of Tween 40. Most Table  8 ). The biotin content of each sample assayed nearly identical with both systems, and drift between sample volumes was, if anything, less with the Tween 80-PCA assay system. Sample volumes required for significant response of the assay organism were 3-to 10-fold less with the Tween 80-PCA medium.
Plots of biotin assay standard curves obtained by using the basic assay medium or the Tween 80-PCA-modified medium (Fig. 1) reveal ranges of linearity extending from 0.3 to 3.0 ng per 10-ml tube and from 0.009 to 0.3 ng per 10-mi tube, respectively. Both range of linearity and sensitivity of response were increased significantly in the Tween 80-PCA-modified biotin assay medium.
Effect of Tween 80 on the L. plantarum assay for pantothenic acid. For comparison purposes, the effect of Tween 80 on the L. plantarum assay for pantothenic acid was tested. The basic assay medium (modified Wright-Skeggs) with pantothenic acid omitted and biotin added was used as the assay medium. Plots of the data obtained for pantothenic acid standard curves run in the basic assay medium with or without Tween 80 supplementation (0.8 g/liter) are shown in Fig. 2 (1, 9, 11, 13) . The stimulatory effects of fatty acids can be overcome by removing the fatty acid prior to assay or by incorporating it into the assay medium. In the case of pantothenic acid, incorporation of oleic acid or its polyoxyethylene sorbitan derivative (Tween 80) in maximum stimulatory concentrations has effectively overcome most of the nonvitamin-induced growth stimulation (11) .
The microbiological assay procedures for biotin require that stimulatory fatty acids be removed before assay to avoid nonspecific stimulation. If biotin is present in the assay medium or unknown sample, even in quantities too low to detect under normal conditions, the presence of certain fatty acids, especially oleic acid, induces considerable growth response of the assay organism (3, 13, 14) . The stimulatory effect of oleic acid can be overcome if Tween 80 is incorporated into the assay medium (Table 5) . Also, the data in this report show that L. plantarum has an absolute requirement for biotin, even in the presence of Tween 80 and aspartic acid if all traces of biotin are removed from the medium (Table 3, 4, 6) .
Since some reagent grade chemicals, e.g., tryptophan (5), contain significant amounts of biotin, chemical stocks must be suspect if high endogenous values are encountered.
The condition and density of the inoculum cells are important factors in establishing low endogenous readings in this biotin assay system (Table 6 ). Although the cell density of the inoculum can be so reduced that each tube is inoculated with only a few hundred cells, thereby avoiding detectable biotin carry-over with the inoculum cells, such a reduction is accompanied by a lag period of nearly 24 hr or more and requires incubation periods of 40 to 48 hr to attain maximum growth. Use of larger inocula reduces the incubation time required to reach near maximum growth to 18 to 24 hr. The amount of bound biotin contained within the bacterial cells depends upon the biotin content of the medium in which they were grown (8; Table 7 ). For this reason, growth of inoculum cells in a biotin-deficient medium was required to obtain the lowest possible endogenous readings and still utilize a large enough inoculum to bring each inoculated tube into the stationary growth phase within 18 to 24 hr.
On the basis of the data presented in this report, it is recommended that the microbiological assay for biotin using L. plantarum ATCC 8014 be conducted with the modified Wright-Skeggs medium containing Tween 80 and Darco G-60 purified Casamino Acids as described to increase assay sensitivity and range and to overcome fatty acid-induced stimulation of the biotin growth response. Use of this medium in the micro and ultramicro techniques of Glick et al. (7) and Glick and Ferguson (6) should provide an added dimension to the sensitivity of these techniques.
